From tlhils we see that the pulse is irregular and intermittent. Thle 1ne d'ensemble, or line whiclh wonlld conneet the tops and bases of eaclh beatt, instead of beingr straigAi t, is curred, R.Dowing that the arterial tension is more influenced tban usual by respiration. The pulse is dichrotic, this being especially marked in the last pulsation on the tracing. This dichrotism is not perceptible, or only to a very slight extent in subsequent tracings, showitg that hlie tensioni of the pulse, whlen the present tracing was taken was not only low in itself, bu1t mtclI below the ordinary arterial tension of the patient.* He got 3 ozs. more brandy, and a diaploretie mixture (spt. amamon. aromaticus), which lessened the dim. ness of vision. (Fig. 3) . The rounded button B transmits the pulse wave through the stem, F, at the top of which is a loop in which lies a counterpoised rod, K, to the lower end of which the needle, L, is attached, the point of which describes the curve on smoked paper. This arrangement substituted a light compound lever with a gravity action pen for the simple lever and side writing pen of Marey. The result was that the shorter lighter pen arm had a higher frequency of vibration for the same magnification, and the lever, since it writes on a horizontal surface, inscribes the rise and fall of the pulse without an arc. Dudgeon took from Mahomed the idea of an eccentric, N, for altering the pressure applied to the artery.
The Dudgeon soon became the most popular instrument in Britain, rapidly displacing the Marey type. The Wellcome Museum** contains twelve instruments of the original Dudgeon variety (see Appendix A). It was figured in most instrument catalogues and the major physiological texts of the late nineteenth century.7 Its popularity, of course, coincided with the rapid growth of experimental physiology. Like the Marey instrument before, it soon became the focus of innovation, the most significant of which was that of Benjamin Ward Richardson.8 Richardson's variation consisted essentially of removing the eccentric pressure gauge and replacing it with a steel-yard balance which projected as a weighing bar from the fore part of the instrument. Richardson considered this innovation produced easy and accurately readable measure ofpressure change. His other modification was to serrate the smooth rod that carried the carbonized paper, thus producing at the same time as the pulse curves a series of vertical and horizontal lines on the recording (Fig. 4) Ayclepiad, 1885, 2: 193-203. Short Articles compactness of his instrument was obtained by using Dudgeon's transmission mechanism and hinging it to lie flat when not in use. It also incorporated a set of teeth for marking a scale on the paper (Fig. 5) .
Like the Marey instrument before them, the sphygmographs of Dudgeon and Richardson soon became part of the physiologist's arsenal. Thomas Lewis, who himself devised a balancing adjustment for the Dudgeon instrument, recommended it for its "considerable delicacy and accuracy".11 Some of Lewis's very first cardiological investigations were on the nature of the sphygmographic trace.'2 The instruments, however, still failed to make a significant impression on clinical practitioners. Sir William Broadbent in his manual The pulse remarked of the sphygmograph "the readings of its tracings can only be safely undertaken by one conversant with the use of the sphygmograph and the vagaries thereof, and if any special result is expected or wished for, an enthusiastic investigator can obtain it and may, without the least conscious intention, twist facts in the desired direction."'" Physicians were taught to eschew instrumental aids and educate the "'finger"'."4 There were, however, a few physicians who used the sphygmograph as a major research tool in clinical medicine. F. A. Mahomed used the Marey sphygmograph soon after its invention, but his career was tragically cut short at the age of thirtythree in 1884. I have described Mahomed's researches in an earlier paper. ' 1894-96, 2: 166-173. 1r Lawrence, op. cit., note 1 above.
Short Articles of the drug on his own urine output and urinary constituents under carefully controlled conditions. He discovered little effect with normal doses but marked diuresis at levels approaching poisoning. He took various sphygmographic traces of his pulse and also made recordings in a case of digitalis poisoning (Fig. 6) .18 In the Lauder Brunton collection at the Wellcome Museum of the History of Medicine is a transmission instrument of the Marey type; it was possibly this device Brunton used rather than the more common direct variety (Fig. 1 ). Brunton's most famous investigations, however, were performed whilst still a houseman at the Edinburgh Royal Infirmary.19 On the evidence of one patient with resting angina, plus others apparently confirming his views, Brunton believed the pain to be caused by transient hypertension, and speculated that amyl nitrite, a known vasodilator, would reduce the blood pressure and thus relieve the symptom. He took sphygmographic traces of patients with angina before and after inhalation of the drug and demonstrated a reduced pulse rate and diminished tension associated with symptomatic relief. Brunton did not, however, give details of his patients or reproduce the tracings on which his inferences were based. It is hard at first to see why on experimental evidence as opposed to theory Brunton thought angina to be due to transient hypertension, for his tracings could show the fall in blood pressure amyl nitrite produces but not typically a rise associated with the attack. Angina is usually caused by ischaemia resulting from coronary artery disease, and is not correlated with a hypertensive episode. In 1870 Brunton described in detail one of the patients he had examined in 1866.20 He was a twenty-six-year-old blacksmith with severe rheumatic aortic valve disease. He was clearly the principal patient on whom Brunton had performed his researches, for he had severe resting angina relieved by amyl nitrite and his sphygmographic traces showed a raised blood pressure associated with the episodes. Aortic regurgitation may in fact be the origin of severe resting angina, during which the blood pressure rises, often even before the attack begins. Such patients, of course, may well not have coronary artery disease. It was certainly the experience derived from this case which encouraged Brunton in his belief that angina followed transient hypertension.
In his later career Brunton turned his attention to the digestive tract and pharmacology. During the 1870s and 1880s, however, he continued to publish papers on cardiovascular and respiratory physiology and pathology. His personal collection of instruments contains sphygmographs of several different types dating from these years (see Appendix B).
Sir James Mackenzie (1853 Mackenzie ( -1925 is probably the most famous person associated with the non-invasive instrumental investigation of normal and pathological cardiovascular phenomena. Much of his important clinical work was done whilst a general practitioner in Burnley; later he became director of an institute for clinical research at St. Andrews University. Unlike Brunton he has appealed to biographers, who Short Articles may be turned to for details of his life.'2 Most earlier workers both in physiology and clinical medicine had directed their attention to the rate of the pulse, the force of the heartbeat, and consequently the shape and amplitude of the sphygmographic tracing. Mackenzie was one of the first workers to be interested in the regularity or otherwise of the pulse. This interest resulted eventually in the identification of auricular fibrillation and the ventricular extrasystole. He also laid the foundation of the modem concept of heart failure. Mackenzie's earliest investigations employed the Dudgeon sphygmograph which he found "the handiest and the most useful".22 To elucidate further the heart's action, Mackenzie in the 1890s turned his attention to the jugular venous pulse; his solution to the problem of recording both the venous pulse and the arterial cycle simultaneously was the clinical polygraph (Fig. 7) . "This method consists in placing a hollow lead cone or funnel over any pulsating part where the surface of the skin permits the cavity of the funnel to be hermetically closed ... this receiver is connected by means of an india rubber tube to a Marey's tambour and lever the latter ofwhich can be made to write on the smoked paper of a Dudgeon's sphygmograph."'2 Mackenzie found that the polygraph was "not convenient when movements had to be recorded over long periods".24 The result was the famous ink polygraph which allowed a pen to write on a roll of paper as it was being unwound (Fig. 8) . The Wellcome Collection contains Mackenzie's sphygmograph, tambour, and original ink polygraph (Appendix C).
The sphygmograph entered British medicine as one of the tools of experimental physiology, in which field it still survives. The reasons for its failure to make much headway in clinical practice were related to the concept of the medical art held by most practitioners and the demands of the instrument itself: it was, in short, difficult to handle.2' By the 1880s, with the invention of non-invasive manometry, its use as an instrument for estimating blood pressure disappeared. In the early years of this century electrocardiography usurped almost all its other functions. Sphygmography was a technique transitional between two views of medicine, one based on anatomy and the clinical art and the other on experimental investigation. In the hands of a few sophisticated practitioners it demonstrated unequivocally the particular explanatory power of the latter, and, no doubt, facilitated its triumph. 
